Introduction
G lobalisation, technological innovations and penetration of modern food systems into all societies have resulted in alarming rates of obesity via increased sedentariness and detrimental dietary practices. [1] [2] [3] In 2014, 39% of adults worldwide were overweight (Body mass index (BMI) between 25.0 and 29.9 kg/m 2 ) and 13%-obese (BMI ! 30.0 kg/m 2 ). 4 High BMI is a risk factor for diabetes, cardiovascular diseases, osteoarthritis and certain types of cancer. 4 Likewise, obesity potentiates obstructive sleep apnea (OSA), 5 and is associated with difficulties maintaining sleep, insomnia, 6, 7 reduced sleep efficiency and daytime sleepiness. 8 However, it is not well understood when and whether obesity as an exposure might be associated with insomnia as an outcome. Insomnia, along with short/long total sleep time, OSA and hypersomnia, is one of several common sleep disorders. 9 Like obesity, it is a public health challenge given its deleterious impact on health, work performance, road safety and quality of life. [10] [11] [12] It is estimated that severe insomnia affects around 10% of the general population in industrialised countries. 12 In France, an estimated 30-50% of adults report !1 sleep disorder, with insomnia affecting 15-20% of the general population. 13 Whereas the links between insomnia and other sleep disorders (such as short sleep) as predictors of weight gain have been established, 14 few epidemiological studies have explored the association of different anthropometric indices with insomnia as an outcome. 6, 7, 15 Moreover, epidemiological research on acute insomnia is virtually lacking. 16 Limitations of existing studies include use of self-reported anthropometric measures (weight and height), and/or use of only one such measure, typically BMI. Whereas the latter is an established indicator of weight status and associated disease risk, it does not distinguish between muscle and adipose tissue, and does not reflect regional adiposity. 17 Waist circumference (WC) reflecting abdominal adiposity and waist-to-hip ratio (WHR) reflecting weight/fat distribution likely have increased relevance in terms of disease and mortality risk. [17] [18] [19] Although these anthropometric indices are correlated, 17 they nonetheless capture distinct aspects of obesity and are presumed to identify somewhat different subgroups at risk. 20 Hence, the aim of the present study was to assess the cross-sectional association of BMI, WC and WHR, respectively, with acute and chronic insomnia in a large sample of adults. Our hypotheses held that associations with insomnia (acute and chronic) and each anthropometric index would differ in magnitude rather than direction. Based on research evidence, we also hypothesized differences by sex. 21, 22 
Methods

Study population
We used data from participants in the NutriNet-Santé-Biobank cohort, which constitutes a subsample of the NutriNet-Santé e-cohort. This ongoing e-cohort was launched in France in 2009, with participation taking place online using a secure Website (www. etude-nutrinet-sante.fr). 23 Volunteers aged !18 years with Internet access are recruited via traditional (e.g. flyers in doctors' offices) and online (e.g. website advertising) strategies along with recurrent multimedia campaigns. The provision of informed consent and an electronic signature is mandatory for enrollment. NutriNet-Santé was approved by the ethics committee of the French Institute for Health and Medical Research and by the National Commission on Informatics and Liberty. Upon enrollment, participants complete five questionnaires: socio-demographics and lifestyle, health status, physical activity, anthropometrics and diet. On a monthly basis thereafter, they receive additional questionnaires on topics such as dietary preferences, quality of life, etc.
The NutriNet-Santé-Biobank is an IRB-approved ancillary protocol involving clinical and biological assessments (one clinic visit per volunteer) which took place between February 2011 and June 2014 at participating centres throughout France. All NutriNetSanté enrollees who were not pregnant at the time were invited to complete a clinic visit. A total of 19 620 NutriNet-Santé volunteers accepted and thus constitute the NutriNet-Santé-Biobank cohort on which the present study is based.
Anthropometric measurements
Each volunteer in the NutriNet-Santé Biobank cohort provided blood and urine samples and underwent a clinical examination. Body weight was measured with an electronic scale (Tanita Corp., Tokyo, Japan), with participants wearing underwear and no shoes. Height was measured to the nearest 1 cm with a portable stadiometer. BMI was calculated as the weight in kg divided by the squared height in m. We modeled BMI as a 3-level variable: normal weight (BMI < 25.0), overweight (25.0 BMI < 30.0) and obesity (BMI ! 30). In the preliminary analysis, it was observed that 3.2% of the sample were underweight (BMI < 18.5) with mean BMI= 17.7 AE 0.8 kg/m 2 . For analysis and interpretation purposes, these individuals were included in the 'normal weight' group. Next, WC was measured with an inelastic, flexible tape as the circumference midway between the lower ribs and the iliac crest. WC was expressed in cm. Hip girth was also measured with an inelastic, flexible tape at the level of the greatest protrusion of the buttock muscles, and a WHR was calculated.
Assessment of chronic and acute insomnia
A questionnaire assessing sleep characteristics was administered between February and July 2014 to all NutriNet-Santé enrollees (n = 128 042) and was completed by 56 718 individuals on a voluntary basis. Among them, 15 850 were part of the NutriNetSanté-Biobank cohort and were thus eligible for the present study.
In defining chronic and acute insomnia we followed the criteria established by the International Classification of Sleep DisordersThird Edition (ICSD-3) 9 and the Diagnostic and Statistical Manual of Mental Disorders-Fifth Edition (DSM-5). 24 For chronic insomnia these criteria include experiencing sleep problems (difficulties falling asleep, frequent nighttime awakening) !3 nights/week, over the past ! 3 months, and experiencing negative repercussions of such problems in daily life. Acute insomnia was assessed with the question: 'Have you had problems with your sleep over the last 8 days?' with possible responses: 'Not at all,' 'Yes, a little,' 'Yes, very much,' and 'I don't know.' This item was taken from the French Barometre-Sante´annual population survey. 25 Given the short time period assessed (8 days), individuals who did not remember whether they had had insomnia (and reported 'Don't know'), likely did not meet 'acute insomnia' criteria. 9, 24 Hence, that variable was dichotomized as 'No' (responses 'Not at all' and 'I don't know') and 'Yes' (responses 'Yes, a little' and 'Yes, very much').
Covariates
Socio-demographic (sex, age, marital status, education, employment), lifestyle (physical activity, smoking, alcohol use) and health characteristics (hypertension, diabetes) were self-reported at enrollment. Leisure-time physical activity was assessed with the International Physical Activity Questionnaire-Short Form, and scoring followed the established protocol. 26 We also modeled as a covariate workrelated stress hindering nighttime sleep. Information on work-related stress was obtained from the sleep questionnaire using the item: 'Please rate from 1 (most annoying) to 10 (least annoying) the following factors which sometimes or often interfere with your sleep: traffic noise, noisy neighbours, telephone ringing, light pollution, workrelated stress, work hours, family issues, relationship difficulties, money worries, health problems.' Individuals who gave a score 5 to 'work-related stress' were coded as 'Yes' whereas those with scores > 5 were coded as 'No.' Next, we modeled as covariates the interval between enrollment and the clinic visit (mean value= 2.1 AE 1.2 years) and the interval between anthropometric and insomnia assessments (mean value= 1.5 AE 1.0 year).
Owing to potential interference with sleep by treatment or palliative care, we excluded from the sample individuals with prevalent (i.e. diagnosed during the year preceding insomnia assessment) cancer, major cardiovascular disease, multiple sclerosis, Crohn's disease, or rheumatoid arthritis.
Statistical analysis
The descriptive characteristics by sex are reported as percentages from chi-squared tests or mean (SD) from Student t tests, as appropriate. The associations between each anthropometric measure (BMI, WC and WHR as independent variables) and insomnia (acute and chronic insomnia as dependent variables) were estimated via multivariable logistic regression, providing odds ratios (OR) and 95% confidence intervals (CI). In the main analysis, both WC and WHR were modeled as continuous variables, whereas BMI was modeled as a 3-category variable. In a supplementary analysis, we modeled WC as a dichotomous variable using recommended cutoffs (80 cm for women; 94 cm for men) for European populations. 27 The multivariable models were adjusted for age, employment (professionally active versus retired/student/ unemployed/homemaker), education (up to high school versus post-secondary education), marital status (married/cohabiting versus living alone), smoking (never, past, or current smoker), heavy alcohol use (>20 g/day for women, >30 g/day for men, yes/ no), hypertension (self-report and/or antihypertensive drug use), diabetes (self-report and/or anti-diabetic drug use), work-related stress hindering sleep (yes/no), physical activity (low, moderate, vigorous), interval (in years) between baseline and the anthropometric assessment, and interval (in years) between anthropometric and insomnia assessments. The respective models with WC and WHR were additionally adjusted for height (in cm). All tests were twosided and P < 0.05 was considered statistically significant.
The associations between each anthropometric measure and insomnia were hypothesized to vary by sex, given evidence of sex differences in circadian regulation and duration of sleep, and insomnia. 13, 21, 22, 28 We fit several interaction terms in models with acute insomnia and with any insomnia (acute or chronic) as the dependent variable. For the interaction tests only a P < 0.20 indicated statistical significance. 29 All analyses were conducted with SAS (version 9.4, SAS Institute, Inc., USA).
Results
Sample characteristics
As shown in figure 1 , from the sample of 15 850 individuals who had completed both a clinic visit and the sleep questionnaire, we excluded: n = 2 due to pregnancy; n = 30 due to incomplete/ aberrant data; n = 485 due to prevalent pathology with a likely impact on sleep; and n = 1944 due to missing covariate data. The final sample for analysis included N = 13 389 individuals (3976 men and 9413 women). The mean age was 51.9 AE 13.1 years. Sex-specific characteristics of the sample are presented in (48.0% vs. 31.3%, respectively). Both acute and chronic insomnia were more prevalent in women than in men (acute: 60.5% vs. 45.7%; chronic: 23.3% vs. 13.2%, respectively).
All tests for interaction with sex, modeling acute insomnia as the dependent variable and BMI, WC and WHR as the respective independent variables, were significant (all P 0.05). Next, the tests for interaction with sex regarding BMI and WHR, respectively, and any insomnia as the dependent variable were also significant (both P < 0.15). Hence, we fit sex-specific models.
Association of BMI with acute and chronic insomnia
The associations of BMI with acute and chronic insomnia are summarised in table 2. Regarding acute insomnia, significant associations were observed only among men. In particular, both overweight and obesity appeared to be inversely associated with acute insomnia in that subgroup (overweight: OR= 0.80, 95% CI: 0.70, 0.92; obesity: OR= 0.78, 95% CI: 0.63, 0.98). Regarding chronic insomnia, significant associations were observed only among women. Specifically, obesity appeared to be positively associated with chronic insomnia in that subgroup (OR= 1.23, 95% CI: 1.04, 1.45).
Association of WC and WHR with acute and chronic insomnia
The associations of WC and WHR with acute and chronic insomnia are summarised in table 3. Among men, no significant associations were observed with either anthropometric measure. Among women, a significant association was observed between WHR and chronic insomnia (OR= 2.24, 95% CI: 1.07, 4.72). Finally, the supplementary analysis with WC as a dichotomous variable did not reveal any significant associations in either sex (Supplementary table S1) .
Discussion
The present cross-sectional study, carried out in a large sample of French adults, provided some evidence of distinct associations of different anthropometric indices with acute and chronic insomnia. As hypothesized, the associations differed by sex. Unexpectedly, BMI-assessed overweight and obesity displayed an inverse association with acute insomnia in men. No such association was observed in women or with chronic insomnia. In our study, overweight and obese men were significantly less likely to report sleep problems over the previous 8 days compared with normalweight men. It is possible that the link of obesity with acute and chronic insomnia is underscored by disparate physiological pathways. Whereas the association between obesity and chronic insomnia implies progressive accumulation of risk, the association with acute insomnia might be partly attributed to short-term comorbidity. Hence, the findings regarding acute insomnia in men might reflect a spurious association occurring due to lack of information about (and adjustment for) acute/short-term illness and recent life events. Also, a replication of the models in different Notes: BMI, body mass index. Models adjusted for age, employment status (professionally active versus other), educational level (up to high school versus post-secondary education), marital status (married/cohabiting versus living alone), smoking (never, past, or current smoker), heavy alcohol use (defined as > 20 g/day for women and >30 g/day for men, yes/no), hypertension (self-report and/or antihypertensive drug use), diabetes (selfreport and/or anti-diabetic drug use), work-related stress hindering sleep (yes/no), leisure-time physical activity (low, moderate, vigorous), interval between baseline and BMI assessment, and interval between BMI and insomnia assessment. The bold entries significant at p < 0.05. Table 3 Logistic regression analysis of the sex-specific associations of waist circumference and waist-to-hip ratio with different types of insomnia (NutriNet-Santé -Biobank, N = 13 389) Notes: Models adjusted for age, height, employment status (professionally active versus other), educational level (up to high school versus post-secondary education), marital status (married/cohabiting versus living alone), smoking (never, past, or current smoker), heavy alcohol use (defined as > 20 g/day for women and >30 g/day for men, yes/no), hypertension (self-report and/or antihypertensive drug use), diabetes (self-report and/or anti-diabetic drug use), work-related stress hindering sleep (yes/no), leisure-time physical activity (low, moderate, vigorous), interval between baseline and the anthropometric assessment, and interval between the anthropometric and insomnia assessment. The bold entries significant at p < 0.05.
samples with objective and/or multi-item measures of acute insomnia is warranted. In turn, obesity assessed by BMI and WHR appeared to be positively associated with chronic insomnia among women. That association was stronger with WHR than with BMI, supporting our hypothesis. As regards BMI, these results are in line with some previous reports. For example, a prospective Finnish study showed that higher baseline weight/BMI was strongly associated with persistent and increasing insomnia symptoms in sex-stratified analyses. 7 Also, findings from a Swedish prospective cohort revealed that individuals with the highest increase in BMI (> 2.1 kg/m 2 ) over time were nearly 3 times more likely to develop insomnia (OR= 2.8). 6 These previous studies reported the significant associations in both men and women. In our study, men represented 30% of the sample, and exhibited more overweight/obesity and less insomnia than did women. Women were more likely than were men to report both acute and chronic insomnia (acute: 60.5% vs. 45.7%; chronic: 23.3% vs. 13.2%, respectively). These percentages are similar to those reported for the general French population as regards chronic insomnia, and are somewhat higher as regards acute insomnia. 30, 31 Individual studies and meta-analyses have shown that women display a consistently higher prevalence of insomnia, in particular chronic insomnia, across age compared with men. 6, 7, 15, 32 The female preponderance regarding insomnia risk might be attributed to a variety of psychosocial and biological factors such as child rearing demands, increased risk of depression, hormonal makeup and overall greater ease of disclosing sleep-related difficulties. 30, 33 In the present study, no significant associations were observed between WC and insomnia in either sex. Null findings have been reported regarding WC and different sleep outcomes. For example, WC was not associated with sleep quality among German adults 34 or with sleep duration in Greek women. 35 However, findings among U.S. adults pertained to an inverse linear association of sleep duration (not insomnia) with BMI and WC, respectively, and these associations were strongest among individuals aged 20-39 years. 36 Regarding the null findings with WC in our study, we could speculate that: (i) WC is not a salient predictor of insomnia (unlike other chronic diseases, such as cardiovascular disease); (ii) the association with WC might be age-dependent; (iii) a nonlinear association might exist; (iv) the association might be easier to observe longitudinally rather than cross-sectionally; (v) there might have been insufficient variability of WC; and (vi) volunteer bias might have affected the findings. Given that our analyses were stratified by sex and that we investigated acute and chronic insomnia in separate models, we suggest fitting age-stratified models in future insomnia research. Regarding a potential nonlinear association, a cross-sectional Swedish study with a large sample of women reported a U-shaped association between sleep duration (not insomnia) and WC, and an independent association between short sleep and central obesity (WC ! 88 cm), which was strongest in younger women, but was absent in women aged ! 50 years. 37 Regarding a potential prospective association, a recent U.K. study with older adults revealed that for every cm increase in baseline WC, sleep duration (not insomnia) at 4-year follow-up decreased by 0.18 min, while the two variables were not cross-sectionally linked at baseline. 38 Finally, in our sample, mean WC in men was lower (i.e. 91 cm vs. 94 cm) while mean WC in women (80 cm) was equal to the recommended cutoffs for European-origin populations. 27 Insomnia, along with short/long total sleep time, OSA and hypersomnia, is one of several common sleep disorders. 9 Given their definitions, acute and chronic insomnia are not mutually exclusive since individuals suffering from chronic insomnia likely display acute insomnia symptoms as well. In our sample, both acute and chronic insomnia were present in 21.8% of women and in 12.3% of men. Because each model was independent and included only one dependent variable, we did not exclude these individuals from any of the analyses. The fact that significant associations emerged with acute insomnia did not translate into significant associations with chronic insomnia (table 2), and vice  versa (table 3) .
It should be noted that the cross-sectional design of our study precludes any inference of causality. Authors have indeed drawn attention to potential bidirectional links between obesity and sleep disorders, with possible common underlying causes. 38 Next, due to the large number of covariates, the models did not include any measures of OSA, snoring, or restless legs syndrome. However, it has been reported that a large proportion of individuals with sleep-disordered breathing do not have insomnia complaints. 39 Another limitation pertains to the use of subjective measures of insomnia. Also, acute insomnia was assessed with a single question, limiting its sensitivity. Thus, a replication of the models with objective and/or multi-item measures is needed before firm conclusions could be drawn. Finally, the sample included self-selected, likely health-and nutrition-conscious volunteers. A comparison with national Census figures revealed significant differences between the general French population and the NutriNet-Santé e-cohort, especially regarding marital status, and proportions of women and well-educated individuals. 40 Also, many volunteers were excluded from the analysis due to data completeness/quality issues or prevalent pathology. All of these aspects suggest the potential presence of selection bias and necessitate caution when generalising the findings.
Nonetheless, strengths of the study include its very large, sociodemographically and geographically heterogeneous sample of men and women, the use of several objective anthropometric measures, the investigation of both acute and chronic insomnia according to established criteria, and the control for many potential confounders. In summary, the observed associations with acute insomnia in men were unanticipated, while the associations with chronic insomnia in women are consistent with prior epidemiological evidence. The findings merit confirmation longitudinally, with objective sleep parameters. Given that both obesity and insomnia are common disorders with a deleterious impact on quality of life, the findings reinforce the critical importance of joint health behaviour promotion on the population level.
obesity assessed by BMI and waist-to-hip ratio appeared to be positively associated with chronic insomnia only among women. No significant associations were observed between waist circumference and insomnia in either sex.
